For proton removal from 13 B to bound and unbound states of 12 Be, I investigate the consequences of core excitation in both nuclei, using wave functions determined previously. Conclusions are that the ground state contains most of the 0 + strength, but the 2 + strength is concentrated in the second 2 + state, which is currently unknown, but predicted near 5 MeV. If 13 B and 12 Be were pure p-shell nuclei, the only states of 12 Be to be populated in proton removal from 13 B would be the ground state (g.s.) and the first-excited 2 + state. However, the presence of core excitation in both nuclei complicates the matter. In 13 B, the only major core-excited component is a neutron two-particle two-hole (2p-2h) excitation from the 1p to the sd shell, i.e. 13 B(g.s.) = A 11 B 1p (g.s.) × ν(sd) 2 + B 13 B 1p (g.s.).
Two independent estimates of A 2 are 0.30(2) [1] and 0.25(5) [2] .
[Throughout, the subscript 1p denotes pure 1p-shell structure, and ν(sd) 2 denotes two neutrons in the sd shell.] Core excitation in 12 Be is even larger than in 13 B. In a model [3, 4] that has met with great success (summarized elsewhere [5] ), the g.s. and excited 0 + state at 2.25 MeV [6] are taken to be orthonormal combinations of (sd) 2 and p-shell basis states: 12 Be(g.s.) = α 10 Be 1p (g.s.) × ν(sd) 2 + β 12 Be 1p (g.s.), 12 Be(exc. 0 + ) = −β 10 Be 1p (g.s.) × ν(sd) 2 + α 12 Be 1p (g.s.), with α 2 = 0.68, β 2 = 0.32 [4] . These arose from an analysis of the 10 Be(t, p) reaction [3] and a calculation of the 12 Be-12 O mass difference [4] .
With these 0 + wave functions and the 13 B(g.s.) from above, we can compute the expected spectroscopic factors for proton removal from 13 B to these two 0 + states. Results (Table 1) However, it will turn out that the situation is quite different for the 2 + states. Here we write
[The subscript in ν(sd) 2 2 denotes that the two sd-shell neutrons have J = 2.] Results of analysis of the reactions 10 Be(t, p) 12 Be(2 + ) [3, 8] and 14 C(p, t) 12 C(2 + , T = 2) [9,10] provide a 2 ∼ 0.80, b 2 ∼ 0.20. Now, because the sd-shell neutron pair in 13 B has J = 0, but for 12 Be(2 + ), J is 2, the sd-shell components do not contribute to S for proton removal to the 2 + states. Thus, we have (Table 1) 
where S 1p is the S for pure p-shell states. [For 2 + , a typical calculation gives S 1p ∼ 2.6.] Therefore, we have the unusual situation that the second 2 + should be about four times as strong as the first. Other weak components in both wave functions could change these results somewhat, but the second 2 + will still be predicted to be significantly stronger than the first one. This second 2 + state is currently unknown, but one prediction for its energy is near 5 MeV [11] .
I turn now to the negative-parity states of 12 Be. All the lowlying ones should be of the structure 11 Be(1/2 − or 3/2 − ) coupled to s or d neutron. The description 11 Be(1/2 − ) × s provides excellent agreement [12] with the properties of the first 1 − state [13] at 2.7 MeV, while 11 Be(1/2 − ) × d gives excellent agreement [12] for the probable 3 − state at 4.56 MeV-including its width of 107 keV [3, 8] , which corresponds to near unit strength for decay to the 1/2 − state. The 0 − and 2 − states of the same structure [12] remain to be identified. Because all these negative-parity states have one neutron in the sd shell, and the g.s. of 13 two, none of them can be populated in first-order proton removal from 13 B. A similar situation exists for 11 B → 10 Be. In the reaction 11 B(d, 3 He) 10 Be at E d = 52 MeV [14] , all the negative-parity states are extremely weak. For 13 B → 12 Be(neg par) it is difficult to envision a second-order process that could produce measurable strength. Such a process would require addition of an sd-shell neutron accompanied by removal of an np pair from the p shella rearrangement that should be extremely weak. It is thus unlikely that any states of 12 Be populated in proton removal from 13 B have negative parity. I return now to the positive-parity states. The second 2 + state remains to be identified, but it is predicted near 5 MeV. The third 0 + state is also not known. Its predicted energy is 4.8 MeV. The spectroscopic factor for this 0 + state will be small, but not identically zero, as for the negative-parity states. A recent experiment [15] observed a state (or collection of states) in proton removal that decayed to one or both of the first two states of 11 Be, with a centroid energy of 1.243(21) MeV and an extracted width of 634(60) keV. Because the experiment could not determine the identity of the final state in the decay, the excitation energy in 12 Be is unknown, but is in the range from 4.4 to 4.8 MeV. The data could be described by a mixture of = 0 + 2, or by = 1.
Thus, presumably, a combination of = 0, 1, and 2 would also work. Because the extracted width is larger than that expected for any state in this region, it is likely that more than one 12 Be state was populated, and that unresolved decays to both 11 Be states are present. From the treatment above, one possibility is the presence of both 0 + and 2 + . A third possibility for the extra width might be the apparent enhancement factor [16] of about 1.6 that has been noted for many neutron widths extracted from decay-in-flight experiments. This possibility was also mentioned in Ref. [15] .
In summary, for proton removal from 13 B, leading to bound and unbound states of 12 Be, I have investigated the consequences of previously-determined core excitation in both nuclei. Results indicate that the 0 + strength will be dominated by the g.s., but that the 2 + strength is concentrated in the second 2 + state-currently unknown, but expected near 5 MeV. All negative-parity states will have negligible population. A wide array of experiments is now possible using radioactive beams. For example, results of the reactions 9,11 Li(d, 3 He) 8, 10 He (in reverse kinematics) were recently reported [17] . Perhaps the present predictions will stimulate an investigation of the 13 B(d, 3 He) reaction.
